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Abstract: Traditional dynamics analysis methods show their limitations in effective dealing with dynamics
problems of large complex engineering structures. To improve this, a new multilevel dynamic substructure meth-
od is proposed. After a brief presentation of the fundamental ideas of multilevel dynamic substructure method,
then the engineering realization method of using multilevel dynamic substructure technology to dynamics model-
ing and analysis is explained in detail. This new approach is then applied to study the structural dynamic charac-
teristics of a large four parallel connected liquid rocket engines. The results show that the first six modes of simu-
lation are maintained in accordance with modal test values, the modal frequency relative errors are less than 5%,
and the modal assurance criterions (MAC) are larger than 0.9. In further, the dynamics analysis method can pre-
dict dynamic characteristics of the engine accurately. In comparison with the complete finite element analysis
method and traditional (single—level) substructure method, the modeling and solving efficiency have been im-
proved significantly. The multilevel dynamic substructure method has been proven to be a reliable and effective
tool in investigating of the large complex structural dynamics.
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Fig.4 A second-stage rocket engine
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Table 1 Comparison of simulation results with experimental values before and after the model updating of the single engine

Before model updating

After model updating

1 12.41 11.35 -8.54 12.35 -0.48 Thrust chamber twists around Z-axis
2 14.25 14.96 4.98 14.36 0.77 Whole engine swings along Y-axis
3 17.37 19.13 10.13 17.58 1.21 Whole engine swings along X—axis
4 39.41 38.31 -2.79 39.17 -0.61 The 2-diameter mode of the nozzle
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Fig. 6 Simulation mode shapes of the single engine
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Fig. 7 Mode shapes of the four parallel connected engines
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Table 2 Comparison of simulation and test results of the four parallel connected engines

No. Test/Hz Simulation/Hz Frequency relative error/% MAC Mode shape

1 9.56 9.38 1.87 0.986 B1 and B2 engine reverse swing in Y direction

2 9.73 9.42 3.19 0.934 B1 and B2 engine swing in Y direction

3 9.85 10.08 -2.34 0.978 B1 and B2 engine reverse swing in X direction

4 10.03 10.34 -3.09 0.995 B1 and B2 engine swing in X direction

5 12.17 12.71 —4.44 0.907 A1 and A2 engine twist with the same direction

6 12.38 12.62 -1.94 0.923 A1l and A2 engine twist with the opposite direction
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